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Abstract: This study focused on the changes of air quality in the cave prior and after the public viewing. For this
study, Baekryong Cave in Pyeonchang (Natural Monument Number 260) was selected, which has recently been
opened to the public, and the main elements that influence air quality, such as temperature, humidity, and the
amount of carbon dioxide, were divided into before and after public viewing. The results of the study show that the
cave’s temperature, relative humidity, and the amount of carbon dioxide are influenced by the visitors and the
seasons. The temperature of the cave was influenced by the seasons closer to the entrance. However, the deeper
the area was, the less the visitors significantly influenced the temperature of the cave. Changes to relative humidity
were only affected by the seasons near the entrance of the cave, showing that it was maintained regularly by the
underground water within the cave. Although the amount of carbon dioxide inside the cave seems to be affected by
several factors such as its topography and continental phenomenon, vapors, temperature, etc., it is considered that
it is most influenced by the visitors amongst all other environmental factors. As results from this study show, caves
open to the public needs to be a continued monitoring of the amount of carbon dioxide. Moreover, there needs to be
additional researches regarding the influence of carbon dioxide amounts towards environmental changes in the
cave.
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Introduction
White (1984) defined caves as naturally-created underground
cavum, including starting point and ending point that
subsurface water flows. Gillieson (1996) defined caves as
naturally-created underground cavum which is usually over
0.3 m on diameter and possible for people to enter.
According to the guidelines for the maintenance of Cultural
Heritage Administration, caves are the natural cavum from
the underground dark body with at least enough size for a
person to fit in (exceptions, there should be enough
possibility for an extension even if it is a difficult entry for a
person). These definitions of caves have slight differences,
but caves can be defined as natural developments and
cavum allowing entry for a person.
In order to preserve exceptional caves in their academic,
historic and scenic value, Gimnyeong Cave and Manjang
Cave in Jeju Island were first declared natural monuments
as cultural assets by the government on December 3, 1962.
Up to the present (February 2012), a total of 18 locations
have been appointed and are being maintained. Amongst
the caves declared to be natural monuments, 6 limestone
caves and 2 volcanic caves are open to the public, providing
the importance and value of the cave as a Natural Heritage.
On the other side of this positive aspect, inevitable
contamination and damage problems abound. As an
example, Nodong Cave in Danyang which was declared
natural monument on June 18, 1979 was closed by the
Cultural Heritage Administration on January 1, 2008 due to
natural damages to the cave since opening to the public.
Since 2011 restoration projects of the cave’s natural interior
and removal of facilities have been in progress. Caves that
have been open to the public show inevitable problems like
this natural contamination and damages to its natural
products (NRICH, 2009; 2010).
The environment of the cave includes its temperature,
the amount of carbon dioxide (CO2), relative humidity,
temperature and pH of the underground water, etc. The
environment of the cave experiences endless changes as a
result of natural causes. However, changes to the environment
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of the cave are being raised as a problem as these changes
are not natural but artificial, leading to the damage and
destruction of the environment of the cave. Particularly,
around 80% of the caves of Korea are limestone caves
which are prone to corrosion. Since limestone caves are
developed by the underground water which induces corrosion
within the dolostone made up of lime rock, marble carbonates
or calcium magnesium carbonates [CaMg (CO3)2] compositions
of carbonate (CaCO3), they are especially affected by the
air environment as compared to volcanic caves or sea
caves.
Products of limestone caves are known to develop
through vaporization of the underground water and glass
effects of the carbon dioxide (Hill and Forti; 1997). Forms
and mineral particles of the product can change depending
on the components of the parent rock and the supply of
cave water which regulates components of the underground
water, evaporation loss, and glass extent of carbon dioxide
regulated by the environment of the cave (Gonzalez and
Lohmann, 1988; Woo; 2002).
According to data measured in 2002, yearly average
between 375.6 ppmv (Jeju Island Gosan Observatory,) and
383.3 ppmv (Anmyondo Atmospheric Observatory) was
recorded within the air of our country (Cho et al., 2005).
Generally, when the concentration of carbon dioxide is over
5000 ppmv in the air of a cave, this is harmful to the body
(Halber, 1982).
Components of air quality within caves such as temperature,
humidity and partial pressure of carbon dioxide play an
important part towards the health of cave products and the
public. However, preceding researches have been limited
by the contamination and damage of facilities of the caves
and air quality monitoring since opening to the public.
These researches have not been able to compare the
changes with air quality of the caves before their public
opening.
Therefore, this study will try to find out changes to air
quality with an artificial cause by selecting caves that have
recently been opened to the public in order to find out
changes to the air quality of the caves pre and post.
Materials and Methods
Study areas
For this study, Baekryong Cave was targeted for investigation,
which is located in Gangwon-do Pyongchang-gun Maha-ri
San 1. Although Baekryong Cave has not been open to the
public for preservation since it was declared natural
monument number 260 in February 10, 1972. On September
1, 2010, it has opened it as an experience cave with the
creation of the Ecology Learning Experience for the first
time in Korea.
According to the study that surveyed the middle school
students who visited Baekryong Cave, the experience is
helpful in understanding the concepts of the cave, as well as
in their learning (Kim et al., 2010). Baekryong Cave is
being used as a place to learn through experience with a
total of 17,773 visitors having experienced this up to the
present (December 2011).
Methods
Temperature, humidity and amounts of carbon dioxide
which are known to influence greatly changes to cave
quality were measured. The timing of the measurements
were divided between before the opening to the public of
the cave (February to July of 2010) and after the opening
(February to July of 2011).
The method of measuring temperature and humidity was
by using an automatic temperature humidity measurer (RH/
TEMP DATA LOGGER EL-USB-2) installed 1m above
the ground. The amounts of carbon dioxide were measured
with a portable measuring instrument (IAQ-CALC CO/
CO2 7525 U.S.A) which was installed 20 minutes before on
site so as to exclude any influences from visitors and
investigators, and minimize any artificial influence.
Temperature and humidity were measured at hourly
intervals for 24 hours. The amounts of carbon dioxide were
measured on a quarterly basis directly. The points of
Fig. 1. The location of measurement of atmospheric environment in
BaekRyong Cave (modified Park et al., 1999).
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measurements were the areas where public viewing were
allowed; 4 areas in cave A and 1 area in cave C which is not
open to the public (Fig. 1).
Results and Discussion
Number of visitors
Since Baekryong Cave’s opened as an experience cave, it
has received 6,912 visitors between February and July of
2011. Visitors to Baekryong Cave were higher during the
month of July when students have their summer holidays
rather than winter (Table 1).
Temperature
Air temperature was measured from 5 areas in Baekryong
Cave before and after opening (Table 2).
Average temperature from the observation point of
Baekryong Cave in 2009 before opening was measured at
10.63 which is 2.32 lower than its average air temperature
of 12.95 (Yongwol Observatory). Temperature in 2010 after
opening was measured at 11.04 which was 1.96 lower than
the average air temperature of 13. Temperature of Baekryong
Cave both before and after opening was lower than its
average air temperature. There was not a great difference in
temperature between general air temperature and cave air
temperature after the opening. Cave temperature during the
winter months of February to March was higher than air
temperature but it then turned around from April, as a
further drop of temperature was observed in the cave. Both
before and after the opening, seasonal temperature increased
as summer approached.
Regarding temperature changes from the areas of
observation, stop-1 and stop-2 which were installed near
the entrance of the cave showed a high change margin due
to seasonal temperature as compared to other areas
(temperature difference between February and July). Both
areas showed an increase of temperature in the cave since
opening; the rate of seasonal temperature change for
observation area stop-1 before opening was at 4.6 but 5.1
after opening. Moreover, observation area stop-2 showed a
change difference of 2.8 before opening but 2.9 after
opening. Both areas showed high change differences after
the opening, and stop-1 showed a higher difference than
stop-2.
Stop-3 and stop-4 which were located within the cave
where visitors could approach showed an increase of
temperature after opening, but showed a lower temperature
change difference than from the areas near the entry.
Moreover, the range of seasonal temperature difference
shows a minute increase after opening.
Temperature difference of the stop-5 area, which could
not be approached by visitors, showed an increase after
opening like the other areas, but showed the least difference
range compared to the other areas. Seasonal temperature
difference range was not high and maintained itself
regularly.
Results from the temperature of the cave show that it is
influenced by visitors and the seasons. Depending on the
location within the cave, influences on temperature difference
seem to derive from other factors. The areas closer to the
entrance of the cave showed a higher sensitivity to the
seasons. The areas inside the cave showed higher
sensitivity to the visitors, though it is judged that not to such
a big extent.
Relative humidity
Relative humidity within the air of Baekryong Cave was
compared before and after the opening. Relative humidity
appeared higher as summer approached due to increased
seasonal precipitation, and was higher inside the cave
within this same season compared to outside the cave
(Table 3).
Relative humidity of stop-1 and stop-2 which are the
observation areas closest to the entrance was lower than the
observation areas inside. From June, before and after
opening, relative humidity was 100% the same. Observing
changes of relative humidity depending on the seasons, it
was at its lowest during the winter time of February for all
Table 2. Temperature measurements in the BaekRyong Cave 
Site
Month
Temperature in 
YeongWol
stop-1 stop-2 stop-3 stop-4 stop-5
2010 2011 Before open After open Before open After open Before open After open Before open After open Before open After open
2 0.2 0.3 4.5 5 8.9 9.4 11.1 11.1 12.5 12.6 12.2 12.2
3 3.8 3.3 4.9 5.9 9.1 9.3 11 11 12.5 12.5 12.1 12
4 9.4 10.6 4.9 6.8 9.6 10 11.3 11.4 12.5 12.5 12.1 12.2
5 16.9 17.3 6.4 8.2 10.4 11.1 11.9 11.9 12.5 13.1 12.5 12.5
6 22.3 21.8 8 9.3 11.2 11.9 12.4 12.4 12.5 12.5 12.9 13
7 25.1 24.7 9.1 10.1 11.7 12.3 12.5 12.5 12.5 12.5　 13.3 13.8
Average 12.95 13.00 6.30 7.55 10.15 10.67 11.70 11.72 12.50 12.62 12.52 12.62
Table 1. The number of visitors to BaekRyong Cave
year 2011
Sum
month 2 3 4 5 6 7
No. Visitor 426 277 616 1,637 1,381 2,575 6,912
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observation areas, and showed 100% relative humidity
during the summer month of June. Stop-1 which is closest
to the entry showed increased measurements from February
to May, until it became 100% in June. Relative humidity of
stop-2 and 3 increased from February to April until it
became 100% in May. Stop-4 and 5 was below 100%
during the month of February, and measured 100% from
March.
With the above results, it is considered that changes in
relative humidity do not have a big correlation to the
opening to the public of the cave. Moreover, it is judged
that observation areas closer to the entrance of the cave
changed, because they were directly influenced by the
environment outside of the cave. Relative humidity was
maintained regularly further within the cave, showing that
it was always regulated by the underground water inside
rather than the influence of visitors and the seasons.
As a result, changes to the relative humidity of the cave
showed to be influenced by the seasons only near the
entrance area, but it is considered it is regulated by the
underground water within the cave.
Concentration of carbon dioxide
Comparison of results measuring carbon dioxide amounts
in the air of Baekryong Cave before and after opening
(Table 4).
According to the data controlling climate on the
Anmyeondo area from the CCIC (Climate Change
Information Center) which provides amounts of carbon
dioxide in the air of Korea, average yearly amount of
carbon dioxide in the air before the opening in 2010 was
394.5 ppmv. Carbon dioxide measured in Baekryong Cave
was 538.47, which was 143.97ppmv higher than the air
outside. 
Yearly average carbon dioxide amount in the air after
opening in 2011 was 395.7 ppmv, average measurements
within the cave were 588 ppmv, showing a 192.3 ppmv
higher amount than in the air. 
Comparisons between the carbon dioxide in the air and
within Baekryong Cave show that carbon dioxide amounts
were higher within the cave, and within this data the
difference was higher since the opening to public viewing.
It is judged that public influence since the opening is quite
high. 
Stop-4 area showed the highest concentration of carbon
dioxide since the opening. It is judged that this is because
this area is the widest area (a square) opened to the public
where visitors can experience darkness and observe cave
products during 15 minutes with a light.
Moreover, observation area stop-2 also showed high
concentrations of carbon dioxide. The reason is considered
that this area is where the narrow entrance of the cave (dog-
hole) is located and induces a bottleneck phenomenon
which leads visitors to be tied up.
Although carbon dioxide amount within the cave seems
to be affected by a lot of factors such as its topography and
continental phenomenon, vapors, temperature, etc., it is
judged that it is mostly affected by the visitors rather than
these natural factors.
Accordingly, further researches should be followed with
continuously monitoring the amounts of carbon dioxide in
caves open to the public and the effects that these amounts
have on the environment of the cave.
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Table 3. Relative Humidity measurements in the BaekRyong Cave
Site
Month
Relative Humidity in 
YeongWol
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2000 2011 before after before after before after before after before after
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7 76.4 77.7 100 100 100 100 100 100 100
　- -　 100
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